The natural vaporized aroma compounds present in awamori shochu were determined by a threestage volatile organic compound (VOC) concentration technique consisting of on-line GC combined with MSD and PFPD. Several short-chain esters appear to predominantly contribute to the fruity aroma, including ethyl formate, methyl formate, ethyl propionate, and ethyl butyrate, which are typically contained in the natural vaporized aroma of awamori. Compounds that act as stimulant flavor compounds, including 2-methyl propanal, 3-methyl butanal, pentanal, hexanal, octanal, nonanal, and the ketones 2-butanone, 4-methyl-2-pentanone, 2-heptanone, and 3-octanone, were also detected as minor components. Sulfur compounds that impart strong odor/flavor, such as dimethyl trisulfide, benzothiazole, dimethyl trisulfide, and benzothiazole, were detected initially, but their levels tended to decrease with aging. We also found that ethers, including tetrahydrofuran and 1,1-diethoxyethane, increased in aged awamori. Thus the profiles of these compounds changed during aging, resulting in a milder and sweeter flavor. These results suggest that the natural vaporized aroma would contribute to the initial characteristics of the unique awamori aroma.
Introduction
Shochu is a traditional distilled Japanese beverage made from rice, potato, or wheat. Awamori is one type of shochu beverage that is produced from rice in Okinawa, Japan. During the production of awamori, Aspergillus awamori (rice koji mold) is used in preparing the mash (moromi), and following the completion of fermentation, the alcohol is distilled under decompression. Awamori has a unique aroma that is clearly distinguishable from the aroma profiles of other types of shochu (Nishiya, 1980) . Recently, awamori with a sweet or fruity aroma and a more mellow taste has become popular among consumers. The aroma compounds of awamori have been evaluated using various extraction methods, such as solvent extraction and headspace. These studies have revealed that the identified aroma compounds, which included sulfur compounds (Tamaki et al., 1986a) , esters (Tamaki et al., 1986b; Taira, 2005a; Taira et al., 2005b) , fatty acids (Tamaki et al., 1986c) and phenol compounds (Koseki et al., 1996) , undergo changes during aging.
Environmental field studies have demonstrated that VOCs in the ambient air can be collected and analyzed using GC/MS following pre-concentration with a three-stage VOC concentration technique (Taira, 2000; Ochiai et al., 2003) .
In the present study, we employed the three-stage VOC concentration technique for the efficient collection of natural vaporized aroma compounds from awamori. Pre-concentration of samples was performed using a large volume headspace on-line GC/MSD/PFPD system. Here, we describe the characteristics of natural vaporized aroma compounds emitted from awamori during aging.
Materials and Methods
Sample preparation The awamori samples were kindly sis of natural vaporized aroma compounds was performed using Powered Pro software (willy 7n. L., Agilent Technology). The identification of compounds, including sulfur compounds, was performed by comparison to commercially available authentic compounds. Statistical analysis Data are expressed as mean ± SD of four young and aged awamori samples. Significant differences between the young and aged awamori samples were analyzed by the Student's t-test with the significance set at * p < 0.05 and ** p < 0.01.
Results and Discussion
The natural vaporized aroma compounds from samples of young and aged awamori were pre-concentrated using a three-stage VOC concentration technique. The total ion chromatogram (TIC) of the natural vaporized aroma compounds and the chromatogram for sulfur compounds present in the awamori samples are shown in Fig. 1 (a) and (b), respectively. The identity of the 66 natural vaporized aroma compounds detected in the samples was analyzed by a library search; resulting in the determination and quantification of 49 compounds by their similarity to commercially available authentic compounds, including 7 sulfur compounds, namely carbon disulfide, dimethyl sulfide, S-methyl thioacetate, dimethyl disulfide, S-ethyl thioacetate, dimethyl trisulfide, and benzothiazole ( Fig. 1 (b) ). The natural vaporized aroma compounds detected in the awamori samples are indicated in Table 1 . The major constituents were ethyl acetate, 1,1-diethoxyethane, isobutyl acetate, isobutyl alcohol, isoamyl acetate, ethyl octanoate, and phenethyl acetate. S-methyl thioacetate and benzothiazole were also thought to be major contributors to aroma. The main aroma components identified here were similar to those previously reported for awamori (Tamamura et al., 2003) . Awamori is produced from rice using rice koji mold, which contributes to the unique aroma profile of finished awamori, which has a characteristically strong smell. However, the profile of awamori gradually changes to a sweet aroma with a mellow taste after storage for several years. Aged awamori is called "koshu" awamori and is a distinct product from young awamori. Recently, many consumers have displayed a preference for koshu awamori. In the present study, the natural vaporized aroma compounds found in young and aged awamori were compared. Ethyl acetate was the main aroma constituent detected in young awamori samples and the levels of this compound decreased during aging. As ethyl acetate can impart an unpleasant odor on awamori at high concentrations, as occurs in wine (Dubois, 1994) , its reduction would contribute to the milder flavor of aged awamori. The other identified ester compounds, including ethyl formate, methyl formate, donated by Chuko Co. (Tomigusuku, Okinawa, Japan) and the Okinawa Regional Taxation Office. The ethanol concentration (%) and storage period (yrs) of the samples of young (brand A) and aged awamori (brand B) used in this study were as follows: A 1 (41.8%, 1.5 yrs), A 2 (41.4%, 1.0 yr), A 3 (43.8%, 1.0 yr), and A 4 (43.0%, 1.0 yr), and B 1 (44.4%, 17 yrs), B 2 (44.6%, 18 yrs), B 3 (41.3%, 13 yrs), and B 4 (45.6%, 8.3 yrs). The ethanol content of the awamori samples was adjusted to 10% by dilution with Milli Q water prior to performing the measurements, and cyclohexanol was used as the internal standard (IS) at a final concentration of 0.01% in the samples.
Pre-concentration technique Pre-concentration of samples and subsequent constituent analysis of awamori aroma compounds were performed using an Entech 7100A online system gas chromatograph (GC; Entech Instruments Inc., California) equipped with a mass selective detector (MSD; 5975 inert, Agilent Technologies, (Santa Clara, CA, USA) and Pulsed Flame Photometric Detector (PFPD; G3435A, Agilent Technologies). Briefly, awamori samples were maintained in equilibrium at room temperature for 20 min and subsequently pre-concentrated by a three-stage VOC concentration technique involving three types of modules (modules 1, 2, and 3) and a trap tube. The atmosphere (100 mL) above the aqueous awamori solution was absorbed in module 1 using a glass bead/tenax trap at −150℃ for 1 min, and was then the heating rate 10℃ while slowly passing helium gas through module 1. The adsorbed sample was then transferred to module 2 containing a tenax trap (Entech Instruments Inc., CA) pre-chilled at 20℃. In the process, any interfering gases, such as N 2 , O 2 , Ar, CH 4 , H 2 O, CO 2 , and ethanol, pass through the module and are evacuated from the system. The target compounds were back-flushed at 180℃ for 2.5 min prior to being further focused in a capillary focusing trap in a pre-chilled (−150℃) module 3 (cryo-focus trap). The compounds were then the heating rate 110℃ for injection into the analytical column.
Analysis A capillary column (DB-WAX, 60 m length × 0.25 mm i.d, 0.5-μm film thickness, Agilent Technologies) was used for the GC analysis (Agilent 6890N, Agilent Technologies). The oven temperature was initially set at 40℃ for 5 min, and subsequently ramped to 240℃ at 3℃/min, followed by a final 5 min hold at 240℃. The inlet temperature was set at 220℃. The separated gas samples were split at a ratio of 1:1 and then introduced into the individual MSD and PFPD detectors. Mass spectrometry was carried out in scan mode using an electron ionization voltage of 70 V and a scan range from m/z 29 to 350 every 2.29 sec. The PFPD was operated at 250℃ under hydrogen carrier gas introduced at a rate of 11.0 mL/min and an air flow rate of 1 mL/min. Analy-aldehydes functioning as stimulant flavor compounds are present as minor components in awamori (Tamamura et al., 2003) , and similar aldehydes, including 2-methyl butanal and octanal were detected here. Although 2-methyl propanal, 2-methyl butanal, and 3-methyl butanal significantly decreased during aging, aldehydes such as hexanal, octanal, and nonanal increased. These results suggest that changes in the profi le of aldehydes may contribute to the aroma characteristics of aged awamori.
Ketones, such as 2-butanone, 4-methyl-2-pentanone, ethyl propionate and ethyl butyrate were also significantly decreased in the aged awamori samples. In contrast, the appearance of hexyl acetate, heptyl acetate, and octyl acetate as minor components was clearly detected during aging. Vaporized esters detected initially were predominantly shortchain esters and differed from the profi le of ester compounds previously reported in awamori (Tamamura et al., 2003) . Short-chain esters, which are present as minor components of the initially vaporized aroma compounds, would contribute to the fruity aroma of awamori. It has been reported that The natural vaporized aroma compounds emitted from awamori shochu were analyzed by a three-stage pre-VOC concentration technique using a large volume headspace online gas chromatography with a MSD/PFPD system. The chromatograms were obtained from the MSD (a) and PFPD (b), and the amount of compounds for individual peaks, whose numbers correspond to the compounds indicated in Table 1 , were estimated.
awamori samples, and was only produced in aged awamori. Future studies involving the monitoring of compounds with aromatic properties are needed for a better understanding of the awamori aging process. Sulfur compounds contribute to the characteristic aromas of alcoholic beverages such as shochu, sake, and beer (Tamaki et al., 1986; Isogai, 2005) . We detected several sulfur compounds among the natural vaporized aroma compounds, including carbon disulfide, dimethyl sulfide, S-methyl thioacetate, dimethyl disulfide, S-ethyl thioacetate, dimethyl trisulfide, and benzothiazole. S-methyl thioacetate and benzothiazole comprised the main sulfur components. All of the detected sulfur compounds tended to decrease during aging, indicating that a reduction in the odor/flavor associated with 2-heptanone, and 3-octanone, were minor components in the awamori samples, and tended to increase during aging. To date, ketones have not been detected in awamori (Tamaki et al., 1983a, b, c; Tamamura et al., 2003) and as such, the contribution of ketones to aroma in awamori has not been seriously studied. As shown in the present study, only a few types of ketones were detected at low concentrations in young awamori; however, they may constitute significant components of aged awamori and contribute to the aromatic profile.
We also detected a number of ethers among the aroma compounds, such as diethoxy methane, tetrahydrofuran, and 1,1-diethoxyethane, which also increased in aged awamori. Interestingly, tetrahydrofuran was not detected in the young j. Taira et al. these compounds may be responsible for the mild flavor of aged awamori.
In conclusion, the initial volatile aroma compounds in the awamori samples identified and quantified here, using a three-stage VOC concentration technique, included 42 aroma compounds and 7 sulfur compounds. The profiles of the main stimulant flavor compounds changed during aging, including 2-methyl propanal, 3-methyl butanal, and pentanal, and the minor component ketones 2-butanone, 4-methyl-2-pentanone, 2-heptanone, and 3-octanone. In addition, several sulfur compounds that impart strong odor/flavor, including dimethyl trisulfide, benzothiazole, dimethyl trisulfide, and benzothiazole also tended to decrease with aging. These results suggest that natural vaporized aroma compounds contribute to the initial characteristics of the unique awamori aroma.
